Background: Infection and inflammation are important mechanisms leading to preterm birth. Soluble triggering receptor expressed on myeloid cells-1 (sTREM-1) belongs to a family of cell surface receptors that seems to play an important role in fine-tuning the immune response. It has been demonstrated that sTREM-1 is involved in bacterial infection as well as in noninfectious inflammatory conditions. Few studies have investigated serum sTREM-1 expression during preterm labor. Therefore, the purpose of this study was to assess sTREM-1 concentrations in maternal serum during term and preterm labor.
Introduction
Preterm birth (PTB), defined as a delivery before 37 completed weeks of gestation, remains a key issue in modern obstetrics. PTB is the major cause of neonatal morbidity and mortality in developed countries [1] . Infection and inflammation are important mechanisms leading to PTB [2, 3] . Intra-uterine infection caused by bacteria is considered to be the primary cause of PTB [4] [5] [6] [7] and presumably evokes an immune response that involves the release of cytokines and chemokines, prostaglandins and matrixdegrading enzymes. These substances trigger uterine contractions, membrane rupture and cervical ripening [4] . Evidence suggests that most intra-uterine infections are chronic and subclinical in nature and consequently hard to diagnose before labor or rupture of membranes [1, 4, 5] . Therefore a diagnostic marker of subclinical infection or inflammation would be most useful to identify women at risk for PTB.
Recently, a family of cell surface receptors, the triggering receptor expressed on myeloid cells (TREM) proteins, has been discovered that seems to play an important role in fine-tuning the innate immune response during infectious diseases. TREM-1 is a transmembrane glycoprotein, mainly expressed in monocytes and neutrophils [8] [9] [10] [11] [12] [13] [14] . Studies have shown that TREM-1 expression is upregulated in response to lipopolysaccharide (LPS) and other microbial components [8] [9] [10] [11] [12] [13] [14] . TREM-1 synergizes with pathogen recognition receptors, including Toll-like receptors (TLRs), which in turn, increase cytokine production (e.g. IL-8, TNF-a and IL1a) [8] [9] [10] [11] [12] [13] [14] . Hence, TREM-1 functions as an amplifier of the inflammatory response in the context of bacterial infection [8] [9] [10] [11] [12] [13] [14] . During infection, soluble TREM-1 (sTREM-1) is generated through proteolytic cleavage of the TREM-1 ectodomain by matrix metalloproteinases [10, 14] . sTREM-1 is detectable in various body fluids [10, 12] and has been detected in plasma, broncho-alveolar lavage fluid, pleural fluid, cerebrospinal fluid and urine from intensive care patients with bacterial infections [12] . Recent studies have demonstrated that TREM-1 is also involved in non-infectious inflammatory conditions such as rheumatoid arthritis [15] and inflammatory bowel disease [16] .
Few studies have investigated the role of sTREM-1 during PTB [6, [17] [18] [19] . Menon et al [18] demonstrated that both lipopolysaccharide (LPS) and preterm labor induced fetal membrane TREM-1 expression. In the presence of intra-uterine infection, amniotic fluid sTREM-1 concentrations were significantly higher in patients with preterm labour (PTL) [6, 18] or preterm premature rupture of the membranes (PPROM) [6] . However, amniotic fluid TREMlevels did not predict PTB within 7 days in women with PPROM [20] . Elevated serum concentrations of sTREM-1 in the second trimester were associated with an increased risk of PTB in asymptomatic high risk patients [19] , but not in low-risk women [17] . Furthermore, it has been shown that amniotic fluid concentration of sTREM-1 increases with advancing gestational age [6] . To our knowledge, only two studies [21, 22] evaluated serum sTREM-1 concentrations in patients with preterm labor. Blood sampling has the advantage of being less invasive than amniocentesis and is therefore a more appropriate method to perform in pregnancy. However, these studies did not include women with term labor. There is accumulating evidence that inflammation has also been implicated in the mechanism of spontaneous term parturition [2, 7] . Youssef et al [23] demonstrated that TREM-1 is expressed in myometrium and cervix at term and found that sTREM-1 is upregulated in both tissues with the onset of labor.
Therefore, the objective of the present study was to evaluate whether sTREM-1 is upregulated in maternal serum during term and preterm labor vs. non laboring controls and to assess a possible relationship between sTREM-1 serum concentrations and admission-to-delivery interval in women with PTB.
Materials and Methods

Ethics Statement
The study was approved by the Ethical Committee of Ghent University hospital (EC/2009/010). All participants provided oral and written informed consent.
Study Design and Population
We conducted a prospective cohort study at the Department of Obstetrics and Gynecology of Ghent University Hospital in which 768 pregnant women between 24 and 42 weeks' gestation, presenting to the labor and delivery ward were enrolled, in order to build a bank of biological samples and clinical data and to explore putative associations between inflammatory markers of term and preterm labor. [24] All subjects for this study were selected from the prospective cohort except patients in group 2 (see below). A convenience sample of 176 singleton pregnancies was selected and divided into four groups according to gestational age (GA) and labor status: (1) women with preterm labor (PTL), who delivered before 34 weeks gestation (PTB) (n = 52). This group consisted of 35 patients with preterm premature rupture of the membranes (PPROM) and 17 with PTL and intact membranes. All patients were in labor at the time of sampling; (2) women not in labor, attending the prenatal clinic of Ghent University Hospital and matched for GA with the PTB group. All these women had an uncomplicated pregnancy that proceeded to term delivery (GA matched controls) (n = 52); (3) healthy pregnant women at term in labor (AT in labor) (n = 40). This group included patients in labor with intact membranes (n = 20) and women with premature rupture of the membranes (PROM) (n = 20). (4) healthy pregnant women at term not in labor, undergoing a primary Caesarean section (AT not in labor) (n = 32). Eligibility criteria included age .18 years, gestational age $24 weeks, absence of fetal (congenital) malformations, absence of maternal infectious disease (e.g. HIV, hepatitis B) and Dutch speaking. Data on maternal demographics, medical and obstetrical history and pregnancy outcome were recorded.
Definitions
PTL was defined as having regular uterine contractions (six to twelve contractions in one hour) and documented cervical changes before 37 completed week's gestation. Cervical changes include cervical effacement or dilatation, cervical shortening (,25 mm) and/or funneling and were measured by vaginal examination or transvaginal ultrasonography. PPROM was defined as amniorrhexis at least 1 h before the onset of contractions. A confirmatory test (crystallization test on slide or rapid rupture of membranes (ROM) -test (Amnisure, Boston, US)) was performed if PPROM was suspected on the basis of fluid leakage or oligohydramnion. In case of a positive test, the diagnosis of PPROM was considered. PTB was defined as PTL and/or PPROM, followed by a delivery before 34 weeks. Gestational age was determined based on last menstrual period corrected by early ultrasound before 20 weeks gestation.
Sample collection and processing. Blood samples of laboring women (either term or preterm) were collected by the attending midwife upon admission to the labor and delivery ward. Women at term not in labor were sampled prior to their Caesarean section. GA matched controls were recruited from the antenatal clinic. These pregnant women were screened at 20-22 weeks (structural ultrasound) to verify whether they fulfilled the inclusion criteria. When eligible for participationthese women were matched for week of gestation with a PTB case. Sampling was performed during a subsequent prenatal consultation at the appropriate gestational age. Samples were stored at 4uC until processing. Blood samples were centrifuged at 1000 g for 10 minutes at room temperature to harvest serum. All serum samples were stored at 280uC until analysis. Samples used for this study were never thawed previously. sTREM-1 concentrations were determined using an enzyme-linked immunoassay in accordance with the manufacturer's instructions (R&D systems, Minneapolis, MN). All assay plates included samples from all groups. Both standards and samples were measured in duplicate. The interassay and intra-assay coefficients of variation were 7.8% and 13.9%, respectively.
Statistical analysis. Univariate group differences were tested with x 2 or Fisher's Exact test and Student's t-test or Mann-Whitney U-test when appropriate. The normality of the continuous data was tested using the Kolmogorov-Smirnov test and visual inspection of QQ-plots. Since the distribution of sTREM-1 was positively skewed, their natural log transformed values were used so as to have a normally distributed outcome variable for the multiple regression analysis, which was performed on the full dataset (n = 176). A backward selection procedure was applied in which covariates were sequentially removed in order of increasing significance until only terms with p-value below 0.10 remained. The subgroups were translated into three variables: preterm (vs. at term), labor (vs. not in labor) and rupture of the membranes (ROM)(vs. intact membranes). These variables are considered as key covariates and remained in the model regardless of their significance. Other covariates considered in the model selection were maternal age, educational level, marital status, smoking, body mass index (BMI), history of PTB, storage time and time delay between blood sampling and serum harvesting (further described as sample age). After backward selection of main terms, first order interactions were considered between all remaining covariates, yielding the final model. Spearman correlation was performed to estimate correlations between serum concentration of sTREM-1 and the admission-to-delivery interval in the PTB group. All statistical analyses and tests were performed two-sided at the 5% significance level using SPSS statistics 19 software (IBM, Chicago, Illinois).
Results
Demographic and Clinical Characteristics of the Study Population
Demographic and clinical characteristics of the study population are presented in Table 1 . There were no significant differences between groups regarding pre-pregnancy BMI, marital status, ethnicity, conception, parity and history of PTB. Women with PTB had a significantly lower education level than GA matched controls (P = 0.003). Women AT not in labor were significantly older than women AT in labor (P = 0.03). There were more smokers among women AT not in labor and among women with PTB as compared to women AT in labor (P = 0.04 respectively P = 0.005).
Serum sTREM-1 Concentrations
sTREM-1 was detected in all serum samples collected in this study. Figure 1 shows sTREM-1 concentrations among the different groups. Significantly higher median concentrations of sTREM-1 were seen in women with PTB compared to GA matched controls (367 pg/ml, interquartile range (IQR) 304-483 vs. 273 pg/ ml, IQR 208-334; P,0.001). Median sTREM-1 concentrations were significantly increased in women AT in labor compared with AT not in labor (300 pg/ml, IQR 239-353 vs. 228 pg/ml, IQR 174-285; P,0.001). Women with PTB had significantly higher sTREM-1 levels than women AT in labor (367 pg/ml, IQR 304-483 vs. 300 pg/ml, IQR 239-353; P = 0.004) (Figure 1 ).
For multiple linear regression, the covariates educational level, history of PTB and sample age, met the significance criteria of the backward selection and were retained in the final model, in addition to the key covariates preterm, labor and rupture of the membranes. No interaction effects were found to be significant. Results of the final model are shown in Table 2 . Since the model used the natural log of sTREM-1 concentration as the dependent variable, model coefficients reflect differences on the ln(concentration) scale. To allow interpretation on the original concentration scale, we also provide exponentiated coefficients that reflect relative (%) instead of absolute changes. The model showed that labor (vs. not in labor) and preterm (vs. not preterm), but not ROM (vs. intact membranes) remained significantly associated with sTREM-1 concentration after adjusting for educational level, history of PTB and sample age. On average, the sTREM-1 concentration was 30% higher in labor (vs. not in labor) and 15% higher preterm (vs. at term). The average sTREM-1 concentration was 14% higher in women with secondary education or less compared to women with higher education and 28% lower in women with a history of PTB versus no history. With other covariates held constant, sTREM-1 concentrations multiplied with a factor 1.004 for every additional hour of sample age.
Serum sTREM-1 Concentrations in PPROM vs. PTL and Relation with Admission-to-Delivery Interval
In the PTB group, no differences in sTREM-1 concentrations were observed between women with PPROM versus women with PTL and intact membranes (372 pg/ml, IQR 303-494 vs. 342 pg/ml, IQR 303-436; P = 0.46). This result did not change when using multiple regression analysis (data not shown). The median admission-to-delivery interval in the PTB group was 3,5 days (IQR 3,5-7), in women with PPROM 4 days (IQR 0-7) and in women with PTL and intact membranes 3 days (IQR 0-14,5). The concentration of sTREM-1 was not related to the admissionto-delivery interval in women with PTB (r = 0.17, P = 0.23) neither in the subgroups (PPROM: r = 0.30, P = 0.08; PTL and intact membranes: r = -0.11, P = 0.67).
Discussion
We have used a case control study to assess sTREM-1 concentrations in serum during term and preterm labor. In line with previous observations in amniotic fluid [6] , serum sTREM-1 levels are significantly increased in women with preterm labor compared to GA matched controls. sTREM-1 levels were also elevated in women at term in labor vs. those not in labor. Recent studies have demonstrated that sTREM-1, although initially described in microbial inflammation [8] , is involved in noninfectious inflammatory conditions as well [15, 16] . There is accumulating evidence that inflammation is also important in spontaneous labor at term [3, [25] [26] [27] . Moreover, it has been shown that term labor is associated with an increased risk of microbial invasion of the amniotic cavity (MIAC). The more advanced the cervical dilatation, the greater the risk of MIAC [28, 29] . Our observation is consistent with Youssef et al [23] who demonstrated increased TREM-1 mRNA expression in myometrium and cervix after labor at term. In contrast, Kusanovic et al [6] found no differences in amniotic fluid concentrations of sTREM-1 between laboring and non-laboring women at term. These data suggest that the maternal inflammatory response during labor may be different from the fetal response. A large cross-sectional study is needed to evaluate sTREM-1 concentrations in both compartments during labor.
Since microbial invasion is more prevalent in PPROM [5, 30] , we expected higher sTREM-1 levels in these women. Nevertheless, we found no differences in sTREM-1 concentrations between patients with PPROM and those with PTL and intact membranes. This finding may be attributed to the relative small number of patients in both groups. In the presence of intra-amniotic infection, sTREM-1 levels in amniotic fluid were higher in women with PPROM vs. PTL and intact membranes [6] . This observation suggests that sTREM-1 is probably a good marker for intra-amniotic infection in amniotic fluid but not in maternal serum which has been recently demonstrated by Cobo et al [21] . They evaluated 27 proteins in maternal serum of women with PPROM or PTL and intact membranes and observed a weak maternal inflammatory response in women with MIAC. In particular, serum TREM-1 levels did not differ between women with and without MIAC. Moreover, differences in protein levels were only evident at early gestational age (less than 32 weeks of gestation). Similar observations were made in amniotic fluid of women with PPROM. TREM-1 concentrations did not differ between women with and without MIAC [20] , but higher levels were observed in PPROM cases ,34 weeks in the presence of both MIAC and histological chorioamnionitis [31] . This indicates that TREM-1 may serve as a good marker for severe inflammation in a subset of pregnant women at risk for PTB.
In addition, we observed significantly higher sTREM-1 levels in preterm labor compared to term labor. The fact that microbial invasion is more common in preterm birth could explain this result. Another explanation could be that sTREM-1 levels alter during pregnancy and may differ from the baseline in these women. However, our study was not designed to evaluate longitudinal changes in sTREM-1 concentrations. A study in which sTREM-1 levels are serially assayed throughout gestation and in non-pregnant women would be able to address this issue.
It is also recommendable to evaluate whether sTREM-1 levels differ between women with PTL and intact membranes who delivered preterm and those who delivered at term. We carried out a preliminary evaluation, but found no significant differences in sTREM-1 levels between both groups (data not shown). This result must be interpreted cautiously since the number of patients with PTL who delivered at term was rather low (n = 10). However, Tsiartas et al [22] did not observed higher levels of TREM-1 in women with PTL who delivered within 7 days vs. those delivering later.
Variability in pre-analytical factors has been shown to influence cytokine levels. Cytokine concentrations are most critically affected by sample age i.e. the time lapse between blood collection and processing [32] [33] [34] [35] . The window between collection and processing and the variability between samples has to be minimized, but is not always feasible in practice [32, 33] . The impact of sample age on levels of inflammatory markers is often poorly addressed in studies. Our model suggests that sample age can affect sTREM-1 measurements in serum, supporting the need to standardize specimen processing as much as possible and/or to consider differences due to sample age.
Some limitations of this study deserve consideration. First, the case control study design did not allow investigating the value of serum sTREM-1 to predict the onset of PTB. Previous studies found that increased sTREM-1 levels in the second trimester were associated with PTB in asymptomatic high risk patients, but not in low risk women [17, 19] . Further research is needed to establish the value of sTREM-1 as a predictive marker of PTB. Second, no information could be obtained on the presence of intra amniotic infection in patients with PPROM or PTL and sTREM-1 levels in serum and amniotic fluid could not be compared, since amniocentesis is not routinely performed in patients with preterm labor. Finally, sTREM-1 concentrations were measured only once upon admission. Evaluation of the time-course of plasma sTREM-1 levels during sepsis showed that a progressive decline in sTREM-1 concentration was associated with a favorable clinical evolution [36] . It would be interesting to investigate the clinical informative value of repeated determinations of serum sTREM-1 in hospitalized patients with preterm labor.
In conclusion, we found elevated sTREM-1 concentrations in maternal serum during spontaneous parturition (either term or preterm) and sTREM-1 levels were significantly higher in women with preterm labor. Further studies are required to explore the role of sTREM-1 in the inflammatory response during pregnancy and labor.
